Dynamic ligation properties of the Escherichia coli heme chaperone CcmE to non-covalently bound heme.
The cytochrome c maturation protein CcmE is an essential membrane-anchored heme chaperone involved in the post-translational covalent attachment of heme to c-type cytochromes in Gram-negative bacteria such as Escherichia coli. Previous in vitro studies have shown that CcmE can bind heme both covalently (via a histidine residue) and non-covalently. In this work we present results on the latter form of heme binding to a soluble form of CcmE. Examination of a number of site-directed mutants of E. coli CcmE by resonance Raman spectroscopy has identified ligands of the heme iron and provided insight into the initial steps of heme binding by CcmE before it binds the heme covalently. The heme binding histidine (His-130) appears to ligate the heme iron in the ferric oxidation state, but two other residues ligate the iron in the ferrous form, thereby freeing His-130 to undergo covalent attachment to a heme vinyl group. It appears that the heme ligation in the non-covalent form is different from that in the holo-form, suggesting that a change in ligation could act as a trigger for the formation of the covalent bond and showing the dynamic and oxidation state-sensitive ligation properties of CcmE.